Recent observations and simulations have revealed the dominance of secular processes over mergers in driving the growth of both supermassive black holes (SMBH) and galaxy evolution. Here we obtain narrowband imaging of AGN powered outflows in a sample of 12 galaxies with disk-dominated morphologies, whose history is assumed to be merger-free. We detect outflows in 10/12 sources in narrow band imaging of the [Oiii] 5007Å emission using filters on the Shane-3m telescope. We calculate a mean outflow rate for these AGN of 0.95 ± 0.14 M yr −1 . This exceeds the mean accretion rate of their SMBHs (0.054 ± 0.039 M yr −1 ) by a factor of ∼ 18. Assuming that the galaxy must provide at least enough material to power both the AGN and the outflow, this gives a lower limit on the average inflow rate of ∼ 1.01 ± 0.14 M yr −1 , a rate which simulations show can be achieved by bars, spiral arms and cold accretion. We compare our disk dominated sample to a sample of nearby AGN with merger dominated histories and show that the black hole accretion rates in our sample are 5 times higher (4.2σ) and the outflow rates are 5 times lower (2.6σ). We suggest that this could be a result of the geometry of the smooth, planar inflow in a secular dominated system, which is both spinning up the black hole to increase accretion efficiency and less affected by feedback from the outflow, than in a merger-driven system with chaotic quasi-spherical inflows. This work provides further evidence that secular processes are sufficient to fuel SMBH growth.
INTRODUCTION
Understanding the co-evolution of galaxies and their central supermassive black holes (SMBHs) is integral to modern astrophysics. Determining the physical processes which drive the growth of both the galaxy and the SMBH is a key goal of current observational and theoretical work. An increasing body of evidence shows that galaxy growth mainly occurs through 'secular processes' rather than by mergers. Kaviraj et al. (2013) for example, show that only 27% of star formation is triggered by major or minor mergers at z ∼ 2. Therefore if galaxy growth is dominated by secular processes and galaxies and SMBHs co-evolve, then it follows that these processes should also dominate SMBH growth.
This statement is contrary to the accepted paradigm whereby merger processes are responsible for the strong correlations that exist between black hole mass and bulge mass (Marconi & Hunt 2003; Häring & Rix 2004) . Bulges are thought to be produced in galaxy mergers, since the redistribution of angular momentum in a merger transfers stars from rotation-supported orbits to the dispersion supported orbits found in elliptical galaxies (Toomre 1977; Walker et al. 1996; Hopkins et al. 2012; Welker et al. 2015) . Whilst there is an increasing body of evidence from simulations that a disk can reform following a gas-rich major merger (Hopkins et have extremely disk-dominated morphologies must therefore have had their evolution, and therefore SMBH growth, dominated by merger free processes, at least since z < 2 (Martig et al. 2012 ).
Simmons, Smethurst & Lintott (2017, hereafter SSL17) calculated the masses of SMBHs powering a sample of 101 disk-dominated AGN and showed that they were overmassive (up to ∼ 2 dex) than would be expected from the black hole-bulge mass relation (Häring & Rix 2004) . Further to this, Martin et al. (2018) showed that in their cosmological hydro-dynamical simulations only 35% of the cumulative growth of SMBHs since z ∼ 3 could be attributed to mergers, both major and minor. Constraining the secular processes dominating both the growth of SMBHs and galaxies is therefore a crucial missing piece in the picture of black hole-galaxy co-evolution.
SSL17 investigated these possible growth mechanisms by measuring the SMBH accretion rates,ṁ, of the 101 AGN in their sample, which lay in the range 0.01 ṁ 0.37 M yr −1 . SSL17 then made the simplifying assumption that any process driving this accretion must provide gas at a rate which is at least the calculated SMBH accretion rate. Whilst this assumption put a lower limit on this inflow rate, there is a growing body of evidence suggesting that molecular outflows are ubiquitous in both star forming galaxies and AGN (Feruglio et al. 2010; Alatalo et al. 2011; Aalto et al. 2012; Cicone et al. 2014; Alatalo 2015; Gallagher et al. 2019) , inlcuding those in dwarf galaxies (Penny et al. 2018; Manzano-King et al. 2019 ). Indeed Bae et al. (2017) have shown that the flux of material in outflows in a sample of 20 nearby AGN exceeds the rate of accretion of the SMBH by a factor of ∼ 260. Therefore, the processes driving the secular growth of SMBHs in disk-dominated AGN will need to provide at least enough material to account for both the SMBH accretion rate and the outflow rate.
In this work, we aim to measure the outflow rates in the sample of 101 disk-dominated AGN studied by SSL17. The outflow measurements are enabled with narrow-band imaging centered on [Oiii] 5007Å to measure both the extent of the outflow and the gas mass present. By combining this measurement with existing measurements of the black hole accretion rate from SSL17, we can constrain the total inflow rate to the centre of these systems driven by secular processes. By using a sample of galaxies where we can be sure that secular processes dominate we can, for the first time, understand what the limits to merger-free black hole growth are.
The results for this particular disk-dominated sample will be compared with the more typical AGN systems of Bae et al. (2017) which have morphologies indicative of an evolutionary history containing (at least) minor mergers. Differences or similarities between the properties of the two samples of galaxies will have important implications for the feeding of the SMBHs in these samples.
In the rest of this work we adopt the Planck 2015 (Planck Collaboration et al. 2016 ) cosmological parameters with (Ωm, Ω λ , h) = (0.31, 0.69, 0.68) and any emission or absorption features referred to are in the Lick system. All measured values are quoted to 2 decimal places. In Section 2.1 we summarise our selection and observations of disk-dominated systems hosting AGN before detailing the data reduction in Section 3. In Section 4 we present our results and discuss their implications in Section 5.
SAMPLE AND OBSERVATIONS

Sample Selection
Here we utilise a well-studied sample of 101 disk-dominated galaxies with unobscured Type 1 AGN first identified in SSL17. The sample comprises galaxies in the SDSS (York et al. 2000) Data Release 8 (Aihara et al. 2011) imaging sample cross-matched with sources identified by Edelson & Malkan (2012) using multi-wavelength data from the Widefield Infrared Survey Explorer (WISE; Wright et al. 2010) , Two Micron All-Sky Survey (2MASS; Skrutskie et al. 2006) , and ROSAT all-sky survey (RASS; Voges et al. 1999) . The disk-dominated morphologies were assigned by expert review of the SDSS imaging (see Simmons et al. 2013 and SSL17) , and later confirmed using images from an HST snapshot survey with broadband imaging using ACS WFC (programme ID HST-GO-14606, PI: Simmons). HST images were reduced using the standard pipeline. Black hole masses for this sample were calculated by SSL17 using the relation between black hole mass and the FWHM and luminosity in the broadened Hα emission line from Greene & Ho (2005) . SSL17 consequently used a bootstrap method whilst fitting the width of the Hα line to estimate the uncertainty on the black hole mass measurement. Bolometric luminosities for this sample were also calculated by SSL17 using the WISE W3 band at 12µm, by applying a correction from Richards et al. (2006) . It is possible that the W3 flux densities could be contaminated by star formation, however Richards et al. (2006) concluded that since there were minimal differences between their composite SEDs of Type 1 AGN around ∼ 12µm this suggested minimal host galaxy contamination. Once again uncertainties were derived by SSL17 using a bootstrap method. SSL17 used their calculated bolometric luminosities to calculate both Eddington ratios, λ Edd , and black hole mass accretion rates,ṁ, using a simple energy to matter conversion (see Equation 5 ).
96 of these sources had spectra available in the SDSS Data Release 9 spectroscopic sample (Ahn et al. 2012 ) and 5 spectra were obtained using the Intermediate Dispersion Spectrograph on the Isaac Newton Telescope, La Palma from 21st-23rd May 2014. The spectra of these 5 sources did not have sufficient wavelength range to probe the [Oiii] emission. The spectra of the 96 systems with SDSS spectra were fitted using the spectral fitting code GANDALF (Sarzi et al. 2006 ) which fits multiple simultaneous lines as well as the continuum. GANDALF is optimised for use with SDSS spectra and allows for the identification of multiple component emission lines. Initially all emission lines are modelled as a single Gaussian, with the same width for all lines. More information is then available from inspection of the [Oiii] (4959, 5007) doublet emission line shape. The main emission line is identified from the expected wavelength relative to the emission lines in the rest of the spectrum. A second run of GANDALF was performed allowing all emission lines to have two Gaussian components; if GANDALF returned a nonzero flux value for a blueshifted [Oiii] component this was considered to be an outflow. We made no cuts based on the Figure 1 . GANDALF (Sarzi et al. 2006 ) fits of the SDSS spectra of the 12 AGN in the disk-dom-outflow sample observed using the Shane-3m telescope at the Lick Observatory, each showing a blueshifted wing component in the [Oiii] emission lines. In each panel, the solid black line shows the SDSS spectrum, with the corresponding error on the spectrum showed by the grey shaded region. Note that the errors on the spectrum are small. The thicker, red solid line shows the fit to this spectrum. The grey solid lines show the separate components of the fitted emission for the [Oiii] (4959, 5007) doublet emission. Grey points indicate the residuals between the observed and fitted spectra. In each panel we note the full width half maximum (FWHM) and signal-to-noise ratio (S/N) of the blueshifted [Oiii] 5007Å wing component(s). Note that we did not make any cuts on the signal-to-noise ratio of the wing (see Section 2.1). Corresponding SDSS images are shown in Figure 3 and coordinates are listed in Sarzi et al. 2006 ) fits of the SDSS spectra of the 7 AGN in the disk-dom-none sample observed using the Shane-3m telescope at the Lick Observatory, each without a blueshifted wing component in the [Oiii] emission lines. In each panel, the solid black line shows the SDSS spectrum, with the corresponding error on the spectrum showed by the grey shaded region. Note that the errors on the spectrum are small. The thicker, red solid line shows the fit to this spectrum. The grey solid lines show the separate components of the fitted emission for the [Oiii] (4959, 5007) doublet emission. Grey points indicate the residuals between the observed and fitted spectra. Corresponding SDSS images are shown in Figure 4 and coordinates are listed in Table 1 .
this detection of a blueshifted component in the the spectra we know that there is some outflowing material from the AGN within the 3" diameter central SDSS fibre, however this may not capture the full extent of the outflow. We selected the 12 brightest galaxies in the blushifted [Oiii] 5007Å spectral component which had coordinates appropriate for the 2018A semester, for which we were awarded 3 nights on the Shane-3m telescope from 12-14th May 2018 at the Lick Observatory, California, USA 1 . We shall refer to this sample as the disk-dom-outflow sample (0.031 < z < 0.077).
The coordinates of the 12 galaxies observed during that observing run are listed in the upper half of Table 1 along 1 The availability of a variety of narrow-band filters makes Lick an optimal facility for imaging the outflows of relatively nearby AGN.
with their SDSS IDs and labels 2 . We shall refer to this sample as the disk-dom-outflow sample. In addition to these 12 galaxies showing outflowing components in their SDSS spectra, we also observed 7 of our 43 disk-dominated AGN which had no detected second component in [Oiii] in their SDSS spectra fits. We shall refer to this sample as the diskdom-none sample (0.055 < z < 0.092) and we list their coordinates in the lower half of Table 1 .
The fitted spectra for the disk-dom-outflow and disk-dom-none galaxies are shown in We also observed the continuum of each galaxy, near to the [Oiii] 5007Å emission, in an appropriate narrow band filter ensuring that there was no overlap between the wavelength ranges of the chosen filters. Continuum measurements are required to separate the flux from [Oiii] 5007Å ionisation from the continuum at that wavelength. The exposures times listed in Table 1 were calculated using the throughput of the narrow band filters convolved with the SDSS spectra, in order to give a predicted signal-to-noise ratio (SNR) 3 in the blueshifted wing component (or the narrow [Oiii] emission for the disk-dom-none sample listed in the bottom half of Table 1 ).
DATA REDUCTION
Image Reduction
Each image of a source, in either the [Oiii] 5007Å or continuum centered filters, was reduced using the functions in the ccdproc package written for python (Craig et al. 2015) . A basic reduction was performed first, subtracting the bias, removing the overscan region and flat fielding the images. Cosmic rays were removed before performing a background subtraction. Images were then flux calibrated using the standard star observed closest in time to the exposure in the appropriate narrow band filter. The standard stars observed over the 3 nights of observations were Feige 34, Feige 67, G193-74, BD+33d2642, HZ21, HZ44 and HD93521. Images of each source were then combined to give a master [Oiii] 5007Å and master continuum image which were normalised by their total exposure times so that the two images could be directly compared. The master continuum image was then subtracted from the master [Oiii] 5007Å image, leaving only the flux from the [Oiii] 5007Å narrow emission (ionised either by the AGN or due to star forma- The AGN can be seen as a bright point source in the centre of each image, which we assume is powered by merger-free processes due to the disk-dominated morphology of these sources. The scale for each image is ∼ 0.15 arcsec/pixel, resulting in images approximately 63" across. Labels and coordinates are listed in Table 1 . Table 1 .
tion producing extended emission) and the flux from the blueshifted wing component (ionised by the outflow). In order to remove the [Oiii] 5007Å flux ionised by the central AGN, we extracted the PSF from the standard star image in the [Oiii] 5007Å centered filter (previously used to flux calibrate), and subtracted this from the continuum subtracted image. We modelled the PSF of the standard star images (using the EPSFBuilder module from the astropy affiliated package photutils; Bradley et al. 2019) , rather than modelling as a Gaussian, as the reduced standard star images clearly show that the PSF was not Gaussian and that the shape of the PSF varied across different narrow band filters due to the differing refraction properties of each filter. Note that whilst different atmospheric conditions on different observing nights could account for variations in the PSF, these variations are noticeable even in images of the same star taken a few minutes apart in the different filters. Fig star, HZ44, imaged across the different narrow band filters used in this study. An example of the [Oiii] 5007Å centered, continuum centered, continuum subtracted and PSF subtracted images for two sources, Hermione and Padma are shown in Figure 6 . At this point we would ideally sum the flux within 1rpetro (as calculated by the SDSS pipeline) in order to derive the total flux in the outflow. However, whilst Padma does not have any extended emission due to star formation ionisation left in the final PSF subtracted image, it is clear that Hermione does. We therefore also show the one dimensional traces for each source across the final PSF subtracted image in Figure 7 to show how we determined an empirical limit for Hermione, above which the total flux in the [Oiii] 5007Å outflow was summed. This method of empirically determining the limit above which to sum the flux was employed for Hermione (4.8σ), Neville (2.3σ) and Cho (5σ), so that the calculated outflow rates are lower limits. For all other sources, the total flux in the [Oiii] outflow was summed above 3σ, where σ is the standard deviation of the image. The total luminosity of the outflow, L[Oiii], is then calculated using the luminosity distance of the source (calculated from the redshift using the astropy cosmology module, see Astropy Collaboration et al. 2013 Collaboration et al. , 2018 .
Calculating [OIII] outflow rates
This measurement of the outflow luminosity, L[Oiii], can be used to calculate a gas mass in the outflow following the method outlined in Carniani et al. (2015) :
where ne is the electron density, [O/H] − [O/H] is the metallicity relative to solar, and C =< ne > 2 / < n 2 e >. Here < ne > 2 is the volume averaged electron density squared and < n 2 e > is the volume averaged squared electron density. This method requires some simplifying assumptions on the nature of the outflowing gas, particularly on the temperature, metallicity and density of the gas, however these caveats affect all such measurements in the literature which we intend to compare to. We therefore assume typical values from the literature; a gas solar metallicity,
and an electron density, ne = 500 cm −3 . Note that there is no general agreement on the best value of ne, with conflicting estimates across the literature. The long assumed value of ne = 100 cm −3 has recently been challenged by (Perna et al. 2017 , 700 < ne < 3000 cm −3 ) and (Villar Martín et al. 2015, ne ∼ 10 5 cm −3 ). Assuming a smaller value of ne can lead to an overestimate of the gas mass present. We chose to use ne = 500 cm −3 in order to be consistent with Carniani et al. (2015) .
In order to measure the mass loss rate due to the outflow, we then combined this measurement of the gas mass of a source with the timescale of the visible outflow, t outflow . The timescale for the outflow is calculated using the velocity of the outflow, measured between the peak of the narrow and blueshifted [Oiii] 5007Å components in each spectrum, v outflow and the most distant spatial extent of the outflow away from the central AGN, rmax (assumed to be the brightest pixel in the continuum subtracted image):
The extent of the outflow was measured on the image itself in arcseconds and converted to kilometers using the redshift of the source and the angular diameter distance function in the astropy.cosmology module (Astropy Collaboration et al. 2013 ). The outflow rate is then calculated in the following way:
Since energy is conserved across the galaxy-AGN system, knowing the outflow rate precipitates the calculation of the inflow rate by the following assumption:
whereṁ is the accretion rate of the black hole. These values were measured previously for each source by SSL17 by using the bolometric luminosity, L bol ;
where the radiative efficiency, η = 0.15 (see Elvis et al. 2002) . Since Equation 4 stems from a conservation of energy assumption, f is therefore an unknown factor proportional to (v [OIII] /v wind ) 2 , where v wind is the velocity of the feedback driven wind from the AGN accretion disk which impacts with the surrounding medium. The wind dumps energy into the surrounding medium, both ionizing it and driving it out from the centre in a gas mass outflow. v [OIII] spectroscopically, we cannot probe v wind . Therefore, throughout the rest of this work we assume that f = 1, i.e. v [OIII] = v wind , and therefore derive upper limits on the inflow rates to the AGN in the disk-dom-outflow sample.
RESULTS
The reduced images for each source in the disk-domoutflow sample are shown in Figure 8 , sorted by the calculated outflow rates, and those in the disk-dom-none are shown in Figure 9 . The calculated mass loss rates from the flux in the [Oiii] outflow (see Equation 1) remaining in the PSF subtracted images are quoted in each of the panels of Figure 8 and in Table 2 along with the assumed inflow rates and timescale of the outflow, t outflow (see Equation 2 ).
The mean outflow rate for the disk-domoutflow sample is 0.95 ± 0.14 M yr −1 . This exceeds the mean accretion rate of their SMBHs (0.054±0.039 M yr −1 ) by a factor of ∼ 18. The mean (median) outflow timescale of the sample is 121 Myr (23 Myr).
For the disk-dom-outflow sample we have detected 4 asymmetric and 5 bi-symmetric outflows within the Petrosian radius of the galaxy (see Figure 8 ). There are also arguably 3 non-detections of outflows (Snape, Crabbe and Neville) which we discuss below.
For the galaxies in the disk-dom-none sample, we must consider whether the blueshifted outflow component in [Oiii] was not detected in the original SDSS spectra because it lay outside of the 3" SDSS fiber. In each panel of Figure 9 , the extent of the fiber is shown by the blue circles, similarly the Petrosian radius of the galaxy is also shown by the red circle. For the majority of the sources in the diskdom-none sample, some of the flux leftover in the PSF subtracted image lies within the SDSS fiber, therefore we can assume that this [Oiii] flux is due to star formation ionisation and will contribute to the narrow [Oiii] 5007Å emission in the spectra (see for example Pansy and Luna). Similarly for Penelope the remaining flux is found within and outside of the SDSS fibre, suggesting that this gas is ionised due to star formation. We can therefore take Penelope's calculated gas mass of 7.46 × 10 8 M as an upper limit on the amount of gas that can be confused for an outflow.
Blaize is the only source where [Oiii] flux is not detected inside the diameter of the 3" SDSS fiber (the blue circle on Figure 9 ). Given the amount of noise in the rest of the image, we can assume that no emission in [Oiii] remained in the PSF subtracted image, meaning we can take Blaize's calculated gas mass of 3.54 × 10 6 M (see Figure 9 ) as a lower limit for detection of gas mass in an outflow. In this instance, we can therefore assign this as an upper limit to those galaxies with detected outflows in the spectra which had calculated gas masses less than this value, including Snape and Crabbe, which we earlier identified as possible non-detections and which have calculated gas masses lower than 3.54×10
6 M . This is also the case for Neville, however since Neville also had contamination from star formation ionised [Oiii] 5007Å emission the calculated value is already known to be a lower limit, so we retain this value. 
DISCUSSION
Possible Secular Inflow Mechanisms
We calculate the inflow rates of the disk-domoutflow sample using Equation 4; consequently each inflow rate calculated is an upper limit on the rate needed to account for both the accretion rate of the black hole and mass outflow rate from the AGN in the disk-domoutflow sample. The mean value of these inflow rates is ∼ 1.01 ± 0.14 M yr −1 (the median inflow rate is ∼ 0.57 M yr −1 ). We therefore must consider what processes would be able to drive such an inflow and whether the rate could be sustained over 921 Myr (the maximum time over which the outflows in the disk-dom-outflow sample have been active, see Table 2 ) and so could feasibly drive an inflow over such an extended period of time. Similarly, accretion of cold gas from the cosmic web is a long lived processes unless it is interrupted by some feedback process to the inter galactic medium (van de Voort et al. 2011) . Since the outflows in the disk-dom-outflow sample have v [OIII] < vesc, where vesc is the escape velocity of the galaxy, we can assume that these outflows will only feedback internally on the galaxy rather than the inter-galactic medium. Given our calculated upper limits on the inflow rates in the disk-dom-outflow sample and the timescales of the outflows, it is feasible that all of these mechanisms could drive the growth of these AGN. This suggests that secular processes are more than sufficient at fuelling black hole growth, at least at z ∼ 0. This supports the findings of SSL17 and of Martin et al. (2018) who show that 65% of SMBH growth since z ∼ 3 is due to secular processes rather than mergers in their simulations.
Bars as possible black hole growth mechanisms
Bars are often cited as the most common mechanism for driving inflows to feed AGN in disk-dominated galaxies, however many studies have struggled to find any correlations between the presence of a bar with either black hole mass (Oh et al. 2012) , accretion rate (Goulding et al. 2017) or Eddington rate (Lee et al. 2012) . Galloway et al. (2015) did find a weak correlation between the presence of a bar and the presence of an AGN after controlling for mass and colour, but no correlation between AGN strength (L [OIII] /MBH) and the presence of a bar. However, the majority of the material inflowed to an AGN will be ejected in an outflow (∼ 80% Figure 8 . Continuum and PSF subtracted images for sources in the disk-dom-outflow sample. Only flux above either 3σ, or the empirically determined value to isolate the outflow from star formation ionised emission, is shown in each image. In each panel we show the name of the source, the outflow rate (see Equation 3) and the inflow rate (which combines the outflow rate with the accretion rate of the black hole; see Equation 4 and Section 3.2). These values are also listed in Table 2 . We show the Petrosian radius, rpetro, calculated from the SDSS imaging, within which the total flux in [Oiii] was summed, with a red circle. The size of the SDSS fibre that the original spectra were taken with is also shown by the blue circle. Sources are ordered from left to right by the measured outflow rate. Labels and coordinates for these sources are listed in Table 1 . ) measured. This provides a limit for the amount of emission from star formation ionisation that could be confused for an outflow (see Section 4). We show the Petrosian radius, rpetro, calculated from the SDSS imaging, by the red circle. The size of the SDSS fibre that the original spectra were taken with is also shown by the blue circle. Labels and coordinates for these sources are listed in Table 1 .
on average in the disk-dom-outflow sample in this work) which these studies do not account for. In addition, these previous works selected barred galaxies with a range of bulge sizes, indicating that (at least minor) mergers will also have affected the evolutionary history of the galaxies in these samples. These studies will therefore not have probed the effect of the bar alone.
However, in the disk-dom-outflow sample, we can be positive that our galaxies have not undergone a significant merger since at least z ∼ 2 (Martig et al. 2012; Martin et al. 2018 ) and so can probe the effect of the bar alone. For the face-on galaxies in the disk-dom-outflow sample, all but one (Snape) host either a strong or a weak bar. An exception to this is Flitwick as it is at a higher redshift than the other sources and no HST imaging is available, so it is possible that a bar is present but is unresolved in the SDSS imaging. In contrast, there are only two bars present in the diskdom-none sample that can be identified in either the SDSS or HST imaging.
It is therefore tempting to speculate that the outflows in the disk-dom-outflow sample are the result of inflows of gas driven by bars. We must first consider that this sample is by no means complete, as it is drawn from a larger sample of 101 disk-dominated AGN from SSL17 (0.03 < z < 0.24). In that sample, the fraction of bars was 30% (again, a lower limit due to the edge-on nature of some galaxies in the sample) consistent with typical fractions of bars found across the population of SDSS galaxies (29.4 ± 0.5%, 0.01 < z < 0.06; Masters et al. 2011 ). However, we detected 58 of these AGN with spectroscopically confirmed outflows, Table 2 . Properties of the 12 disk-dom-outflow galaxies, with outflow rates calculated from the extent and flux of [Oiii] 5007Å in narrow band imaging taken with the Shane-3m telescope at the Lick Observatory. Neville, Hermione and Cho have lower limits on their calculated [Oiii] gas masses since the narrow band image was contaminated by gas ionised by star formation (see Figure 7 and Section 3.1). Note that the uncertainties are not included in the upper and lower limits, we simply state the uncertainties alongside the limits. Snape and Crabbe have upper limits set by the measured gas mass in Blaize from the disk-dom-none sample (see Section 4). > 7.83 ± 0.28 > 0.78 ± 0.10 > 0.81 ± 0.12 < 4 ± 2% 86 ± 10 * Measurements from SSL17. Black hole masses are calculated using a virial assumption by measuring the full width half maximum of the broadened Hα component. Eddington ratios and black hole mass accretion rates are calculated using the bolometric luminosity of the AGN, inferred from the WISE W3 band at 12µm, applying a correction from (Richards et al. 2006 , see Section 2.1). The large errors onṁ and λ Edd are due to the propagation of uncertainties from the WISE W3 magnitudes.
of which 33% hosted a bar, compared with 26% of the 43 AGN without spectroscopically confirmed outflows. A χ 2 contingency test (scipy.stats.chi2 contingency) reveals that this difference is not statistically significant (p = 0.96, 0.05σ).
However, the 12 galaxies in the disk-domoutflow sample were specifically selected to have the brightest blueshifted [Oiii] 5007Å emission, and therefore the brightest outflows. Once again it is therefore tempting to postulate that it is specifically these brightest outflows which are powered by the inflow of gas to the AGN by a bar (which simulations have shown can inflow material at a higher rate than spiral arms or cold accretion; see Section 5.1). However, a χ 2 contingency test (scipy.stats.chi2 contingency) reveals that the fraction of bars in the disk-dom-outflow sample (66%; 0.03 < z < 0.08) compared to the overall parent sample of 101 disk-dominated AGN (∼ 30%; 0.03 < z < 0.24), is not statistically significant at the 3σ level (p = 0.038, 2.1σ). Although a 2.1σ result is promising, it does not allow us to make definitive conclusions. This is in part due to the small number statistics we are working with, but we must also be wary of the fact that the presence of a bar is correlated with stellar mass (Nair & Abraham 2010) , colour (Masters et al. 2011 ) and environment (Noguchi 1988; Moore et al. 1996; Skibba et al. 2012) . Future work therefore needs to control for these effects in a larger sample of disk-dominated AGN, with and without outflows, before making conclusions on whether the bars in these systems are responsible for fuelling AGN.
Comparison with AGN with merger histories
We now compare the properties of our disk-domoutflow sample with a sample from Bae et al. (2017, hereafter B17) of 20 nearby (0.024 < z < 0.098) Type 2 AGN The secularly fueled AGN of the disk-dom-outflow sample have SMBHs with statistically similar masses and Eddington ratios. Similarly, they launch outflows at the same velocity. However, the disk-dom-outflow sample have statistically significant higher bolometric luminosities (and consequently higher black hole accretion rates), but lower mass outflow rates. We argue that this is a product of both the smooth planar inflow spinning up the black hole and the geometry in a secularly fuelled AGN system (see Section 5.3 and Figure 11 ).
with merger dominated histories. B17 use integral field spectroscopy to spatially resolve the outflow properties of their AGN, rather than narrow band imaging. This allowed B17 to empirically determine the column densities of the ionised gas, ne, using the [Sii] line ratio and separate star formation ionisation from the outflow component spatially across the galaxy. Such a method is therefore advantageous over narrow band imaging (and one we intend to exploit in the future, see Section 5.4) as it is more precise and requires less assumptions about the nature of the outflowing gas. B17 also used the M − σ * relation of Park et al. (2012) to derive black hole masses (rather than the virial assumption of Greene & Ho 2005 as implemented by SSL17) and calculated bolometric luminosities from the luminosity of the [Oiii] emission (see Heckman et al. 2004) . Unfortunately B17 do not provide their measured uncertainties when quoting their derived properties.
With these caveats in mind, we examine the difference in the distributions of the calculated black hole masses, bolometric luminosities, Eddington ratios, black hole accretion rates, velocities of the outflowing [Oiii] gas and outflow rates in Figure 10 . In each panel we provide the p-value, and corresponding σ value, of a 2D Kolmogorov-Smirnov (KS) test to determine if the properties of the disk-dom-outflow and the B17 samples are statistically distinguishable.
Whilst the black hole masses, Eddington ratios and outflow velocities of the two samples are not significantly different, the KS tests revealed that the bolometric luminosities, black hole mass accretion rates and outflow rates are statistically distinguishable (see Figure 10 ). The outflow rates of the disk-dom-outflow sample exceed the accretion rates of their SMBHs by a factor of ∼ 18 on average. In comparison, the outflow rates of the B17 AGN exceed the black hole accretion rates by a factor of ∼ 260 on average. From expert visual inspection of the SDSS images for the B17 sample we have determined that there are 8 barred galaxies (40%) and 2 mergers (10%). However, all of the B17 sources have obvious bulges suggesting their evolutionary history has been impacted by the effects of minor and major mergers. This could manifest as a recent effect driving the SMBH accretion and outflows, or if the merger occurred earlier than the AGN lifetime, by changing the dynamical structures around the SMBH so that it operates in a different potential.
Merger driven inflows are thought to occur quasispherically; accretion will be chaotic, with gas fed into the centre from all angles (Sanders 1981; Moderski et al. 1998; King & Pringle 2006) . This is in contrast to secularly driven growth where smooth accretion is thought to occur via a planar inflow (Nayakshin et al. 2012; Reynolds 2013) . We invoke these different accretion mechanisms to explain the different properties of the disk-dom-outflow and B17 samples.
The galaxies of the disk-dom-outflow sample have significantly higher (4.2σ) black hole accretion rates (meaṅ m ∼ 0.05 M yr −1 ) than the B17 sample (meanṁ ∼ Figure 11 . Toy model of accretion for a secularly (left) and merger (right) fed supermassive black hole to account for the results of this work discussed in Section 5.3, adapted from Nayakshin et al. (2012) . The black hole accretion rates of the disk-dom-outflow sample are 5 times higher (4.2σ) and the outflow rates are 5 times lower (2.61σ) than for a sample of 20 AGN from Bae et al. (2017) with merger dominated histories. We account for these differences by considering the effect of the planar accretion spinning up the black hole to increase the accretion efficiency and how the geometry of the two systems causes a larger feedback effect in the merger scenario resulting in a more massive outflow (see Section 5.3).
0.01 M yr −1 ). 4 The accretion rates in the secularly fuelled disk-dom-outflow sample are therefore a factor of ∼ 5 higher on average than the merger fuelled sample of B17. In addition, B17 assumed η = 0.1 when converting between bolometric luminosity and black hole mass accretion rate, 4 Due to the large uncertainties onṁ propagated from the WISE W3 magnitude uncertainties (see Table 2 ), we performed a bootstrap test to determine the robustness of this 4.2σ result. For each source, we shifted theṁ value by a randomly sampled value from a Gaussian distribution centred on zero and ranging to ± the uncertainty on the accretion rate, and recalculated the pvalue and significance. We repeated this 10000 times and found that for 6364 of the iterations, the KS-test had a greater than 3σ significance. The minimum value found was 1.1σ. We therefore believe that our statement that the accretion rates in our diskdom-outflow sample are statistically significantly higher than in the B17 sample is robust.
whereas we assumed a value of η = 0.15 (see Equation 5 ). We therefore corrected theṁ values given by B17 to use η = 0.15 so that they are directly comparable to the ones derived in SSL17. Sinceṁ is inversely proportional to η (see Equation 5), this correction resulted in a decrease of the accretion rates from those quoted in B17. If we do not correct the value of radiative efficiency, η = 0.1, used to calculate the accretion rates in the B17 sample, this causes the difference in accretion rates compared to the disk-dom-outflow sample to become slightly less pronounced; a factor of ∼ 3 higher (3.3σ) on average. By correcting the B17 accretion rates to use the same value of η as the disk-dom-outflow sample, as in Figure 10 , we are making the most conservative assumption we can about the radiative efficiencies of these sources, yet without that correction we still find a significant (3.3σ) difference in their calculated accretion rates.
This difference in accretion rates between the diskdom-outflowand B17 samples is not unsurprising if one considers basic accretion physics. If material with a constant angular momentum is fed to the black hole, this will spin up the black hole (King et al. 2008; Davis & Laor 2011; Reynolds 2013) , increasing the temperature of the accretion disk whilst reducing the radius of the inner stable circular orbit (ISCO) and consequently increasing the accretion efficiency of the black hole (Thorne 1974; Reynolds 2013) .
Since the inflows in the disk-dom-outflow sample are driven by secular processes, resulting in smooth planar accretion of gas with the same angular momentum direction, this will indeed cause the spin of these black holes to increase. Conversely, in the merger grown AGN of the B17 sample, the chaotic, sporadic accretion of gas from a quasispherical inflow should eventually spin down the black hole, reducing its accretion efficiency. This is true of both current and past AGN episodes, so even if the AGN of the B17 sample have not had their current episode triggered by a merger, their SMBH spin should still be lower due to the spin down effects of previous merger accretion events in their evolutionary history. Therefore this theorised difference in black hole spin due to feeding mechanism could be the cause of the higher black hole accretion rates seen for the disk-dom-outflow sample. This increase in the spin will cause the radiative efficiency, η, to increase (Shakura & Sunyaev 1973) , suggesting that using a higher value of η compared to the B17 sample may be more appropriate to estimate the black hole accretion rates of the disk-domoutflow sample. However, as discussed above, this still leads to a significant (3.3σ) difference in their calculated accretion rates.
Unfortunately, simulations are currently not able to simultaneously cover the range of scales involved in the large scale galactic inflows and small scale black hole accretion. Similarly, it is incredibly difficult to estimate a timescale for observable effects on the galaxy itself, as the simulations do not span large enough scales to simulate the effects of both the chaotic or smooth accretion and the outflow on the entire galaxy. Whilst many works have studied the relation between the spin of the black hole and the powering of collimated radio jets through the tangling of magnetic field lines (e.g. Ruffini & Wilson 1975; Blandford & Znajek 1977; Koide et al. 2002; Benson & Babul 2009; Tchekhovskoy et al. 2011; Gong & Jiang 2014) , there is little consensus about the link, if any, between spin and outflow rates, as outflows are not accounted for in any of the main accretion models (see review by Abramowicz & Fragile 2013) . We are reluctant therefore to attribute the statistical difference between the outflow rates of the disk-dom-outflow and B17 samples to the spin of the black holes. The mean outflow rates in the secularly fuelled disk-dom-outflow sample are a factor of ∼ 5 lower (2.61σ) than the merger fuelled sample of B17. Instead we consider whether this difference is due to a combination of two effects; feeding and geometry.
Firstly mergers, both minor and major, are known to drive gas to the centres of galaxies at a larger rate than internal, calm, secular processes (e.g. Hernquist 1989; Barnes & Hernquist 1991 , 1996 Hopkins et al. 2005; Kazantzidis et al. 2005; Mayer et al. 2010; Naab & Ostriker 2017) . By a simple consideration of conservation of energy, if the galaxies in the B17 sample have large amounts of gas fed to their centres where their black hole accretion efficiency is limited by their spin, then a massive outflow of gas must result.
These outflows are often modelled as quasi-spherical, essentially averaging over the many orientations of the accretion disk due to chaotic accretion (Sanders 1981; King & Nixon 2015) . In the case of planar inflows, it is thought a biconical outflow will be set up out of the plane of the accretion disc (Shlosman & Vitello 1993) . By a simple consideration of geometry, it is clear that a quasi-spherical inflow will experience a greater feedback effect from a quasi-spherical outflow than a planar inflow will from a biconical outflow (Nayakshin & Power 2010; Nayakshin et al. 2012; Anglés-Alcázar et al. 2015) . This feedback effect in a merger driven growth scenario will cause some of the inflowing material to be picked up, adding mass to the outflow whilst preventing gas in the inflow from reaching the central regions of the galaxy. We summarise the effects of the different feeding mechanisms in Figure 11 .
The scenario summarised in Figure 11 has previously been considered in Nayakshin et al. (2012) with a simple theoretical consideration of the effects of accretion via the two different mechanisms. Nayakshin et al. (2012) then concluded that under this hypothesis, secularly grown supermassive black holes should be over-massive in comparison to merger grown black holes, whereas measurements of the black hole masses of galaxy with psuedo-bulges had shown that this was not the case (Hu 2008; Graham 2008; Kormendy et al. 2011) . However, the work of Nayakshin et al. was published prior to the results of SSL17 and Martin et al. (2018) which showed that SMBHs in disk-dominated 'bulgeless' galaxies were over-massive (by 2dex) given their bulge size (or lack thereof). This along with the differences found in this work between the black hole accretion rates and outflow rates of the disk-dom-outflowand the B17 samples, therefore suggests that the hypothesis first outlined in Nayakshin et al. (2012) and summarised in Figure 11 , may account for their differences in black hole accretion rate and outflow rates. Such a scenario would naturally give rise to the dominance of secular mechanisms in the growth of supermassive black holes.
Future work
Whilst the narrow band imaging method used in this study does allow us to constrain the inflow rates to the AGN of the disk-dom-outflow sample, it is limited in a number of ways: (i) by the PSF of the narrow band filters and (ii) by contamination from star formation ionisation emission.
Firstly, the inability to resolve the shape and extent of the outflow with increasing redshift is a significant limitation to this study. This is in part due to the limiting PSF of the Shane-3m telescope but also due to the aberrations of the PSF caused by refraction through the different narrow band filters. These limitations particularly affect the central PSF subtraction to remove the narrow [Oiii] emission ionised by the AGN. It is likely that the AGN has been over-subtracted in these images, leading to an underestimate of the outflow rates in these sources (albeit not enough to cause the differences observed between the outflow rates in the disk-dom-outflow and B17 samples). The limited PSF also affects our ability to accurately determine the largest radial extent and morphology of the outflow. All sources in the disk-dom-outflow sample would therefore benefit from future observations with sub-arcsecond resolution provided by space based optical observatories. For example, see the [Oiii] narrow band Hubble Space Telescope observations of AGN driven outflows in a sample of ULIRGs by Tadhunter et al. (2018) .
The greatest limitation to a complete study of outflows in disk-dominated AGN is the inability to remove narrow band emission ionised by star formation from narrow band imaging. In order to tackle this problem, the narrow and broad emission needs to be spatially decomposed across the galaxy using Integral Field Spectroscopy (IFS). Depending on the resolution of the unit employed, such observations will also allow for a more accurate determination of the extent of the outflow. Keck Cosmic Web Imager (KCWI) data for four sources in the disk-dom-outflow sample (Harry, Neville, Padma, Theodore) has therefore been acquired during a 2018B observing run and will be analysed in future work.
CONCLUSION
We have observed a sample of 12 disk-dominated AGN, with spectroscopically confirmed outflows, in narrow band filters with the Shane-3m telescope at the Lick Observatory. This is the disk-dom-outflow sample. By studying galaxies with disk-dominated morphologies, we can isolate those systems with evolutionary histories dominated by secular mechanisms. Images were obtained in filters centred on the [Oiii] 5007Å emission and nearby continuum for each source. The images were reduced using the ccdproc package, flux calibrated using standard stars and normalised by their exposure times. The continuum image was then subtracted from the [Oiii] 5007Å image.
From this continuum subtracted image, the central PSF of the AGN [Oiii] emission was removed by extracting a PSF from a standard star image in the same narrow band filter. The remaining flux within the Petrosian radius of the source was then summed to give the [Oiii] flux in the outflow. By assuming density and metallicity properties of the outflowing gas, the [Oiii] flux was converted to give the amount of mass in the outflow. Combining this measurement with the extent of the outflow in the PSF subtracted image and the velocity shift from the narrow [Oiii] emission in the SDSS spectra, the outflow rate from the AGN was calculated. The inflow rate was then calculated assuming that this equated to at most the outflow rate plus the accretion rate of the black hole (previously derived by SSL17). Our findings can be summarised as follows: (i) The mean outflow rate from the AGN in the diskdom-outflow sample is 0.95 ± 0.14 M yr −1 . This exceeds the mean accretion rate of their SMBHs (0.054 ± 0.039 M yr −1 ) by a factor of ∼ 18, giving an average inflow rate of ∼ 1.01 ± 0.14 M yr −1 . (ii) Bars, spiral arms and cold accretion of gas have all been shown in simulations to be capable of providing over ∼ 1.0 M yr −1 to the central regions of a galaxy. These mechanisms can be sustained over long periods of time, in excess of the maximum outflow timescale derived for the disk-dom-outflow sample of 920 Myr. This suggests that secular processes are more than sufficient at fuelling black hole growth, at least at z ∼ 0.
(iii) The majority (66%; a lower limit due to the edge-on nature of some of the galaxies in the sample) of the diskdom-outflow sample host a strong bar, an excess which is marginally significant (p = 0.038, σ = 2.1) compared to a parent sample of 101 disk-dominated AGN studied in Simmons, Smethurst & Lintott (2017) . Although tempting to speculate that the outflows and SMBH growth of the AGN in this study are powered by gas inflows driven by bars, this result does not account for the dependence of bar fraction on stellar mass, colour or environment. Future work is therefore still needed.
(iv) We compare our disk-dom-outflow sample of secularly fuelled AGN with a sample of 20 nearby AGN from Bae et al. (2017, B17) with merger histories. We find that the accretion rates of the black holes in the disk-domoutflow sample are ∼ 5 times larger (4.2σ) than those in the B17 sample. This is further evidence that secular processes are sufficient to fuel black hole growth at z ∼ 0. We consider how the black holes of the disk-domoutflow sample are spun up due to their smooth accretion of gas occurring in a single plane of the galaxy disc; as opposed to the chaotic quasi-spherical accretion occurring in the merger fuelled B17 sample, which results in a lower spin black hole. Since the spin of a black hole is known to correlate with accretion efficiency, we attribute the difference in black hole accretion rates between the disk-domoutflow and B17 sample to a possible difference in spin.
(v) In contrast to the accretion rates, the outflow rates in the disk-dom-outflow sample are ∼ 5 times lower (2.61σ) than those in the B17 sample. We suggest that the different geometry of the accretion discs and outflows in the two systems causes this difference. For the secularly fed black holes of the disk-dom-outflow sample, a steady biconical outflow from the accretion disc will result from the planar accretion. For the merger grown black holes of the B17 sample a quasi-spherical outflow will result from the chaotic quasi-spherical accretion. By a simple consideration of geometry, it is clear that a quasi-spherical inflow will experience a greater feedback effect from a quasi-spherical outflow than a planar inflow will from a biconical outflow. This results in a much larger outflow rate from a merger fed AGN, possibly explaining the differences in outflow rates between the disk-dom-outflow and B17 samples.
(vi) Future work is still needed to address the limitations with the PSF aberrations from the narrow band imaging and to disentangle the [Oiii] emission from star formation ionisation. This can be achieved by utilising space based observatories and integral field spectroscopy for future observations.
The results in this work suggest that the hypothesis first outlined in Nayakshin et al. (2012) and summarised in Figure 11 , combining the effects of black hole spin and accretion geometry, may account for the differences in the growth rate of supermassive black holes and outflows in AGN, giving rise to the dominance (65%; Martin et al. 2018 ) of secular mechanisms in the growth of supermassive black holes.
